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N-N 

[St*, Xtt»***Wi«tj***U Ari*J:tfA 
r2tt««t>l/<H*«»©3Sf**S**l^ ArjiA 
r iW$<3Ht< fc*>— 3Er*«, 3>ft<il»looS«I 
^Sr^tf^PSSr^-f. ] 

[■1**2] -)K^b2-e«$ns*+-y-v7V-;p 

[ft 2] 

N-N 
^1-< X >-Ar 2 

L^iitm&CD^S^S^U A r 2«»t— ©^?n 
IC^i UT^IflM^ S-^tfSlft t> b < li&SB&O^xP 

[§»#*3] -^ft3T8$n5tW^77-^ 
iff HfcmWBttJlH*. 
[ft 3] 

N-N 

r2tt«»t>b<tt*m«0*#*af*«l/. AritA 
[ft 4] 

N-N 

[»*«5] -«sscft5-e^sn5**-y-^7\/-ju 

[ft 5] 

N-N 
Ar,-< x >-Ar 2 

[SW, Xte&i£&£V>«:fiim£*b, Ari^tfA 
r2«BSlt)b<«ftiemo^S^*^*L, ArjiA 
r 2<D5'fei!>&< '>^<tt)lo©^I 



(2) 
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[0 0 0 1] 

»*±©«ffl#lH #§SBJte, «#f2ft (EL) 
[0 0 0 2] 

io x y ©ii t IT* iE L f f S S ft. *ODf 
5fMI«a««5BftbTV>*>. ^tSELifl^teW&fgftJIS 

a t e. a as wtn? t tmxm ^-cnm-t b x 

© E L S*?tf«T# -5 Z. t. Ifito •=> ftT 1^5. 
[0 0 0 3] ^©J;5^*«EL^{rli2-^<D^-f 7" 
*«ft*. l^lt (CW.Tang) SCioTXaSft 

20 r-^-^^TT'^'f h*7^ (J.Appl.Phy 
s. ) ,65,3610 (1989)) , fc'SloU Mfei^MT 

-tM^7y7-1' P7<f&'»irx (Jpn. J. Appl. Phy 
s.) , 27, L269 (1988) \ZKM) o ttCEL^TIt S£ 

fttus. b^bv>T*i&*fflftT5fc#©3fe#&3:# 

[0 0 0 4] *^$i§t.m©l:P£bT2- (4-t*7 
x^JKiW -5- (4-tert-y^;P7xnJW - 
1, 3, 4-**U-S?7!/-;i' (PBD) **»e.nT^ 
S. ^0PBD««fiSlitUTffl^fc«tbTWE 
40 CDW^EL^ (Jpn. J.Appl.Phys. , 27, L269 (1988) ) # 
£5, bfrb, PBDH^SftS-ecL^-TV^£\ & 

y-^ssaisc^ft^^Mfgsn^ (B*ft^ 

I*, 11. 1540 (1991), #I¥6-1 4 5 6 5 8, #W¥6 
-9 2 9 4 7, # M¥ 5-1 5 2 0 7 2, 5-2 
0 2 0 1 1, #1¥6-1 3 6 3 5 9) . bjfcbfcj&J 
<=>, ;itt£tl:fc^Tfcllffl±^#&WMfe£#bT^/5: 

[0005] fesft z.om< mm<D$rj£& e 

50 |5j±$-&/*:^£bTiE7LttjiH4#UV-^£*©iS^ 
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(3) 



m'BZtlT^Z (#i¥4- 2 1 2 2 8 6) „ bfrbfc 

[0 0 0 6] ffttELJR?CJBV>&n«*?ftfttm«) io 
(Tg) #ffiV> £ r 

****©t, *^na*ms#©5B3t««JB** (450 

nmCIT) Kl***JBj&«»*. 
[0 0 0 7] 

* *F Ml iHtmSs ct E L SR^f - £ Ji V » ftf-T^ < 

nan, s*fi£tt*>WB^©"c. w« 

e l mTom^-mzkw&tvT&Ri bfc#&, 30 

[0 0 0 8] 

MMBStfft-Tfcfci&O^B:] *^^ti, TS2 (1) ~ 
(5) «©ft*J***i"«. 40 
(1) -J8Sft6T«$n^**+t"y77-;Hi#. 

Mb 6] 

N-N 

r2ttB*t>b<tt*«*<D#«K*SSU Ar)tA* 

Ar,CONHNH 2 + Ar 2 COCl 

[3*, Ar i:fccfctfA ^teB&fcb^iSIS&^S 
fcXS^U Ar itA r2©^% 7 >^< tfe— *IC. '> 50 



^^tr^xP^^-fo ] 

(2) -«ss<t 7T«sn* tw^77-;^i#. 

[ft 7] 

N-N 
^-< X >-Ar 2 

K*, X«&Mi*3Wifiim£^U Ar^Bife 

0 ^ £ LT^S^^^B^fe b < tt«B^©^-7-D 

(3) -K^t 8 T«Sn*t**y77-M«#$: 
[ft 8] 

N-N 
Ar,— C x >-Ar 2 

[5£cK Xte&iii;&3V^;£fi[E3l£*U AriiSitXA 
r 2 tefi&fcb<te4&B&©^#i£S£^U ArjtA 

(4) -«$s:ft;9T?*sn^^-9-vTy-^*^S: 

[ft 9] 

N-N 
Ar,-< x >- Al! 

<h bT^^Sr-^trBSI*) b < laawao-^n 

(5) -ss^fti o-essns^-y-v^T^-^si** 

[ft 1 o ] 

N-N 
Ar,-< x >-Ar 2 

r 2 fiB&t>b<fcto&fi&<D^§i£S£*U AriiA 

^Sr-g-tr-^^PaiSr^T. ] 
[0 0 0 9] #»W©»J*£»*Kt>*aTfci*ifi'r 

±SEb^*^^T^ffl^n^pi-^-y-v 5 Ti/-;^# 

ftH, ^ATOi^HbTMiiT^-S. *-f , £Jfc5£ft 1 
[ft 1 i ] 



Ar,CONHNHCOAr 2 



C©|RO!)»flttbTtt. k'Ji>>, i>^fMM7* 
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rkh' (DMF) , i?*3-)VT-*)>. MJl?;i/75 
0^©#4TCfh7tKD77> (THF) . X- 

Ar,CONHNHCOAr 2 



[0 0 10] jfcte, K&jSftl 2fc«^, ^H^SftflB 
[ftl2] 

N-N 
Ar!-< v >- Ar 2 



r 2tt«**>lXtt*««M5»»KXS*U ArjtA 

g, 7?'jy-;n, -f>Hu;ws, *;wv/u;n. 
*/**u=;n, hU7y-;n. -fs^i/u;wi, 

77^7!/U^M:a*C!>«»39WKai«*ftif 6*1*. ± 

[0011] 
[ft 1 3 ] 



N-N 



N-N 



N 



[0 0 12] 
[ft 1 4 ] 






=N 



[0 0 13] 
[ft 1 5 ] 



N 



[0 0 14] 
[ft 1 6 ] 




N-N 
O 



N-N 
O 





10 



20 



30 



40 




[0 0 15] 
[ft 1 7 ] 




'N 



N-N 
O 




[0 0 16] 
[ft 1 8 ] 




[0 0 17] 
[ft 1 9 ] 




[0 0 18] 
[ft 2 0 ] 



N-N 




[0 0 19] 
[ft 2 1 ] 




[0 0 2 0] 
[ft 2 2 ] 



«H¥8-176148 



(5) 



N= 





[0 0 2 1 ] 
Ut2 3] 



t-Bu 



[0 0 2 2] 
[ft2 4l 



N-N 
N-N / = x 





[0 0 2 3] 
[ffc 2 5 ] 




N-N 




N 



[0 0 2 4] 
Hfc2 6] 




[0 0 2 5] 
[ffc2 7] 




»N 



[0 0 2 6] 
[<t2 8] 



N-N 
O 




t-Bu 



30 



40 



t-Bu 




t-Bu 



60 



t-Bu 



[0 0 2 7] 
[ft2 9] 

[0 0 2 8] inSOtWT^HHWH 
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[0030] *finrtffl$n^#iii mx.\zmm 
m^mmo^m^mz^^x, wmit-rzmz*. 

kv>©t, aajs^s-&a^t3&«Ri«T»*. 
mmumiKmz'gts. *fc> ft#wi: &##£££&© 

m^L5 0 0 0 nm<OSiiTl^Sn5. 
[0 0 3 1] 4&n®ELJR?C£l?SBff£:l'TI£. 
tt*MR©**V> (4eV£tJh) ^1. 

TltAuftfO^B, Cul, I TO (-Ov^A-X 
XmitVo) , Sn02> ZnO&t'OgtttSiTOA 5 

nitfsn*. ±en«ti. cm<=>©mfii$jSf£^*F^x 

tS^tASTfS. KJftt. Iffl 0 nm&V>L 1 u 
m» jff * b < it 1 0 ~ 2 0 0 n m©t&BTS« tlZ. £ 
fc, iltLT©->- hffiStli&HQ/sauareeATrtW 

[0 0 3 2] BMftLTtt, tt»HS&©/h£V> 

(4. 3eVETF) *«e*ttfc^*Sfc 
tt£n&©fi£»**«4Mt£T*t>©>Wfl^e.tt*. 
i©J:5^«ffi^K©A#:^ltbTfi, tl)W>^M,. V 
^*>"?A. D^CA, T;U5n>>A, 7^->>?i»^ 
iJf^A^ft. 7;USn?A£-&, 7^S-?A/ 

fc£*«*tf&ft*. ±bm»i. £ns©«*«jR** 

TMn^ti 5 Tf5, IJJIiitlOnmft^ll 
urn, 5fSL<B5 0~2 0 0 nmOlITltfnS. 
Sfc, ttg£LT©v-h&tatt&WQ/sQuare^T# 

[0 0 3 3] *f|OELifOl^li WfB©J;5tc 



(6) 

J81/55ftt*T*oT. flttf, 104~l06v/c 
m©*I^SJftlB#{C, tt> 1 0-6 C m2/V • ffr« 

±©IE?l#»&£ i k-3&©rtWjgT£>5o £©J:-5frjE 

[0 0 3 4] ±ClE?L*SI»»tbTH, ^JA«N-7 

W/— Ml**, N, N' -/7i^-N, N ' - 
v (3-^fJl/7xr;W -4, 4' -^7Syt'7i 
(TPD) . ffiI3S75>*±I*5^ttffi 
«fcJ*t3#'JV- v 1, 1-bfT. (4--^-p-h'J;P 
75 7 7iZW ->^D^-9->, N, N* -77i; 
;P-N, N' -i?-ry^)V-A, 4' — /75/f7x 
=Jl>fc£©hU7U-Jl'7 5 MM, 
□ •>7^>&t*©7^Py7->Hift:, #'J->7>& 

20 [o o 3 5] *&w<del mTon^MUfkmfcm^zn 
-ft-&f»©'f^e)tt*©*>©*a^bTfflv^^T# 

-So u(D«^i«»»©j!f * Uttt, {fc3 0& 
SC$?7i=M;>IH# 30,3(1 
991)fc£fce*©t>©) » »«V»tt*3 1. {t3 2^i: 
©fb^tl (J. Apply. Phys. , 27. 269 (1988) 7it*t'fB«©t) 
©)-$>, **U-^T!/-;kBI«# (itftfEAifit Jpn. J.App 
1. Phys.. 27, L713 (1988). 77"7-f YUVvVT^V* 
- (Appl. Phys. Lett.) . 55. 1489 (1989) &£K:lB*©te 
so ©) , f *7i>il# (#l¥4-2 1 2 2 8 6^ 
«£££«*©*>©) . h'J7l/-;HH»fl5 (Jpn. J.Ap 
pl.Phys...32.L917 (1993)&£KE*©t>©) , 

>j-)vmmw (»4 3 igja^^^**, hip i a 

0 o 7fc£i-iBii©t>©) , **zs>mm#<D&ms$# 

92 (311) . 43 (1992) fc 
iffrlB*©*)©) , *74t'J>flS#0*'JV- (Jp 
n. J.Appl.Phys..33,L250 (1994)^t*Hf£«© i fo©) , 7 
it>hn'J>iS«# (JB4 3@*^I«I^W*, 

1 4 J 0 7fc£fcga«©fc©) 

[0 0 3 6] 
[ft 3 0 ] 




so [0 0 3 7] 
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[0039] *&wKm*z>¥&ytmmz}*. **hp*£ 
m K^«t6»»->u-x" ytmrnttw > &&&& 

(1991). P236 Kffi«SftTV>£<fc5fcg7£M3teW", 31 

xm&M. y— a*, *«^>^u-^, §iot 

>. 7<J-fc>, ^'J U>\ 3D^X ;U7V>\ *T"7 
©^-'Jrf7x^U->3R{b^, 1, 4-b*7 

;px^u;w 'O-tfx l, 4- fx 

U;W ^>-fc*>, 1, 4-k*7 (4-W-5-7I 
-)V-2-tt1fV l ))l') 1, 4- £7. (5 

-7i-;i'-2-tW l JjW 2, 5-H 

X (5-7->*U 7'Wh2-'!>XW/ l J 

;W f*7i>, 1, 4-77i^- 1 , 3-7^-7 

IX 1, 6-y7i-JP-l, 3, 

>. 1, 1, 4, 4-rh77i^-l, 3, -:77 

MBS63-264692 ^4i*B«©**-»«*#©*JWI 

V)l$km5£Zf'V)U>%>m. 5!&S#fF2534713 *tii*8 
fCB«©**U-5?>*ft^». ^4 0HlJCfflt)a#H# 

a^si^ass^issm. 1146(1993) tis«<ox^;^> 

S|®#^«ktJt!Nfll¥4-363891^«iSao^*v J 7 4 / 
[0 0 4 0] #^©EL3i^©#®&f£©758;£, H 

Um£lT. SfSl<aiO~2 
0 0 nm©«ffl©ISIJ¥ fcfcSiSK, ft4K>*/1y ?'J 

*^7h&. 5$«£fr<h*#;g>5^ J^S^K 



(7) 

a? 

[0 0 4 1] lO^t^T'y-M^lOf 
»S*«ttSJiitrJ:0, f?rM©EL^H"-##S>n 

fcEL^fd, B«t«£E^WJnT-5«^{'tt, 3-40 

-jii<d«iiij:d«*t*.3.' &mn&.&s>tia-?z 

[0 0 4 2] 

^SS03 1 it 1 3 Tasn5tw^77-;m««:ffl 

p-7i;M> i ;<>^kt J 7-7F2. 1 2gthf'J 
20 y> 1 0m 1 CDTHF 2 0m 1 Ml:-3f )V7a 
bomk&l. 8 7 g£5'CTi8TL.*: t , 5P$P<gif 

so BLfc. i3tftgli3 6 5nmT*t)fc. 
lH NMRx-7 (Stffl'ip pmlSSt) 
9. 38 (s, 1H) , 8. 80 (d, 1 H) , 8. 4 
4 (m, 1H) , 8. 2 2 (d, 2 H) , 7. 7 7 

(d, 2H) , 7. 6 5 (m, 2H) 
7. 5 0 (m, 3H) , 7. 4 1 (m, 1 H) 

[0 0 4 3] BUM 2 ftl 6T*Sn**W7'/ 

1 Tffl p - 7 iZM > v*-f y 7 fc F 5 5? K 
40 U >-2-AJ^^?n7-f PfcftA&filftl* 

Sc3tefi*J43 6 7 nmTSoL 
[0 0 4 4] gMWS <tl TV&ZnZttWT'J 

-JHjf^&©-&j£ 

ffettffl 2 Tffl V>7t^* > V-f 7 7 1 F 7 -7 F * p - 7 xX 

jk>^ 7 7 1 f 7 v f \zttx.tzskn-temmm 2 tup 
hit. 

so [0 0 4 5] HJil^4 
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2 5mmx 7 5mmx 1 . 1 mm©A'77li±!l I T 
0£sg3ff£l::T5 0 nmOJPSTMRb&fc© OgJftH 

§0 tmfeb, #u t-jp*;UA*y-;u5 otli< ft 

tf:7V'J>6 (Kodak) h;Wx>fc:»»Wfc 
fe(D5 6 0 0 0 r pmtif Lfc. ^©t. i!©Stg£: 
1 0"lPa(DMEET5 OTCfcTftfcft.. flOlfgl 

(8-+y>J/7-h) T^SX^&WHftSIJiiL 
T5 0nmlilfc. XttifittRO. 1~0. 2nm/ 
&T?$>-3fz. ^ffliISfS;2 X 1 0" 4 P a itiEb 

1. 2-2. 4nm/»03K»aiKT, HWrfct>3-# 
©5^g*>&fiS0. 1~0. 2 nm/S>©s£*iiST 
^#bfco ±ffi&#T^*->£A<i:®©ig-g-&JB«ffi 
*m«±l:2 0 0 nmailfLT^tfil/, 

JlFFSJSjfcbfc. I TOtgSII, 7^->9AtI 

2. 8 VSBJttrrSt 1 0 OmA/cm2©«git#j5fit 
n, 5 7 0 c d/m2©*fi©S63fc**fc. £©3ft^ 
tt, 5 0 OP*WK»«t>5fc£fc»3fcbfc. 

[0 0 4 6] ftS6#l 5 
«W4T«'v»fc*4 l U-5>T!/— ^WWIftft 1 6T3R 

5 £ 1 0 0 m A/ c m2©^fljj&td|ft, 6 2 0 cd/m2 
[0 0 4 7] &tttt6 

f&Sbfc. iSnttfC. it«E«JE7. sv&Hijtin-r 
3«h 1 0 0mA/cm2©mdS* s JfiEn, 7 3 0 c d/m2 
©Hfi©3B*##S*lfc. £©*?», 5 0 01^1111 

[0 0 4 8] JtKM 1 
3lSS#] 4 T-ffl V»fc**tJ-S?T & P B D iZft 

x ft a* \tmmt9i 4 f^ai b t * * b . # e> n 

fcifii 1 ^ it«t«BE9. OV^JOt^tlOOmA/ 
c m2©«SS*SSiEn, 7 3 0 cd/m2fflifiO»§ 
e>ft£„ b^U ^©ilH^Wu 1 ORfBK»«K*3B3t 

[0 04 9] HJSfcl 7 

2-/f;H6-p-y^f^7S;Xf'U;l'-4H- 
t7 ^KftAfcfiWWiSaMI 4 {CiMlbT*^ 
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Ac. 

[0 0 5 0] ft MM 8 
ftSSW 4 Tffl V>fc*V U > 6 U U 

[0051] mmm 9 

2 5mmX7 5mmXl. lmraOA"77St±H I T 
O***ft|:T5 0nm©JSSTHIIibfct>© (JlUSiH 
10 (ft) S) £&g§3S#£«£bfc. £©gHJ£# 

£«&HiJE©ai*£* Ofc) SO ©S«*JW 

^-ItH^U 53£Sl©£0«t;:TPD$:^*U S'J©& 
"DVSXZ1, 3-i? (9-7>XV)l>) -2- (9-#^ 
A'yUJMfJW -7 P D/S> (AnCz) Sr^ft, fc3 

\-D<nz>-Dmziti 7 -cmztizik&yo&Ati-cMQm 

£1X1 0"4p a^TMffibfco TPDAOO^^S 
Btl&U BIJ»5 0 nmfc&S.fc'Jfcai^bfc. Z. 
©illAnC z AOCO-SO^SrlJP^bT, KS5 0nm 
fcfc*.fc'3fc**bfc. S&lr, flsi 7T*£*i£ft£- 
20 y}&AtltzZ>-0&Ztiaf&LTmm5 0 nmKl&$J:5K 
Itbfc. IfSWiO. 1~0. 2nm/^Tfeo 
fc. -?-©&*3Eli £2 X 1 0~4p aSTMBEbT^S., 
^777^ httCSOg*^. T^y">ASl. 2~ 
2. 4nm/#©Ita«T, H«SKt> 3-#©*0« 
^f,i$0. 1~0. 2 nm/U>0^*jiKTal#b 

)§©_h(C2 0 0 nmailtlT^lSliScb, 
»*bfc. I TOiSSW> v^y7Ac«fflig^ 
*ffi£&ffi£bT, #6ftfc*fi:. *dit«flH10V^ 
so BlJnT-St 1 0 OmA/cm2(75fl;cSE^oftn. 410 0 
c d/m2©«kfi©f»fo&«#&tt;fc. £©3H43u 2P# 

[0 0 5 2] J£$£09 2 

ftigtfl 9 -cm v»fc***s?r »/— ^■ww** p b d trft 

^fc£JLWiftSi^9(C«P«lbT^SrfPfi!tbfe. #£>n 
fcSHH:, itSit*a£l 6 V^rRlSD-r^i: 5 0mA/ cm 
2©liSK^Sin, 9 0 0 c d/m2©ig:fiCD^7t^#e>n 

40 [0 0 5 3] 

[§gaj©5»3t:] *»W©#**5>7»/— ^ 

T> **EL^©«^tti£#)ft£bT&fflbfc«^ 
©5g3tifl^CSbTViS. 
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(5i) int. ci. 6 mmtm jr^mmmn fi ^m^mm 

C 0 7 D 417/04 2 1 3 

2 15 

C0 9K 11/06 Z 9280-4H 

H0 5B 33/14 
//(CO 7D 413/04 

213:24 

271:10) 
(C 0 7 D 413/04 

215:12 

271:10) 
(CO 7D 413/04 

239:26 

271:10) 
(CO 7D 413/14 

213:24 

215:12 

271:10) 
(CO 7D 413/14 

251:24 

271:10) 



